Background
Laparoscopic bariatric surgery (LBS) is a popular intervention for the treatment of morbidly obese patients; it helps in weight loss, minimizes obesity-related co-morbidities, and improves quality of life [1, 2] . Surgical weight loss interventions include gastric restrictive procedures (e.g., adjustable gastric banding and sleeve gastrectomy), malabsorptive procedures (e.g., Roux-en Y gastric bypass [RYGB] ), and biliopancreatic diversion, or a combination of these procedures [3] . Although obese patients who underwent various types of LBS have favorable results, these surgical procedures also have complications, such as fluid collection, bleeding, pulmonary embolism, or septis [4] . Moreover, severely obese patients are at increased risk of thromboembolic events and ischemia secondary to vessel wall damage, gradual blood flow, and hypercoagulability [3] .
Portomesenteric venous thrombosis (PMVT) is an infrequent event associated with higher rates of morbidity (mesenteric ischemia in 5-15% of cases) and mortality (20-50%) [4, 5] . It has been suggested that venous stasis secondary to enhanced intra-abdominal pressure, operative intervention in splanchnic vasculature, and hypercoagulable state are the possible causative factors for PMVT [3] . Moreover, the diagnosis of PMVT after laparoscopic sleeve gastrectomy (LSG) requires a high index of suspicion because patients usually present with vague signs and symptoms that are difficult to elicit early [6] . Herein, we describe the clinical presentation, diagnosis, and management at our center of 3 patients who developed PMVT after LSG performed abroad.
Case Reports
In our case series, 3 patients developed PMVT after LSG performed outside the country. These patients were coincidentally admitted to the Hamad General hospital (HGH) in Qatar between December 2013 to January 2014. Also, we observed from patients' history that all the 3 LSGs were performed within the same center abroad. Therefore, most of the operative details, actual circumstances of the surgery, and coagulation profiles prior to intervention were lacking. However, we assumed that the pre-operative measures included thromboprophylaxis given according to the patient body weight in addition to administration of a prophylactic antibiotic regimen.
During surgery the patients were kept in reverse Trendelenburg position. A trocar was placed to achieve a pneumoperitoneum by CO 2 insufflation set at 20 mmHg, through a Veress needle placed in the left mid-clavicle subcostal region, and 5-port technique was used. The surgery included mobilization of the greater curvature, posterior mobilization of the stomach and angle of His, ventral mobilization of angle of His, mobilization of the greater curvature by dissecting the remaining short gastric vessels, followed by stapling and removal of a gastric specimen.
Post-operatively, elastic compression stockings (for 2 weeks) and pneumatic dynamic leg compression sleeves (for 24 h) were used and subcutaneous low molecular weight heparin (LMWH) injection was administered until discharge from the hospital. Patient discharge summaries indicated that anti-DVT prophylaxis was given to all patients, which continued until 2 A B weeks post-operatively. However, none of the patients were on LMWH upon admission to our hospital. Unfortunately, the specific dosage given was not mentioned, which makes it difficult to rule-out the possibility of insufficient thromboprophylaxis.
Case 1
A 27-year-old man presented as an emergency with diffuse abdominal pain, nausea, and vomiting. The body mass index (BMI) of the patient was 41 kg/m 2 . He had undergone LSG 1 week prior to the index admission. The laboratory findings were insignificant, with only an increase in white cell count. Doppler ultrasound and computerized tomography (CT) of the abdomen confirmed the diagnosis of portal vein thrombosis ( Figure 1A, 1B) . Therefore, the patient was treated conservatively with anticoagulation therapy, initially started with heparin and thereafter shifted to warfarin, which was continued after discharge.
Case 2
A 46-year-old obese woman (BMI=38 kg/m 2 ) presented with diffuse abdominal pain (more prominent at the epigastrium), nausea, and constipation 14 days post-LSG. The CT scan findings revealed PMVT (Figure 2A , 2B) and thickened proximal jejunal bowel loops. Retrograde thrombolytic therapy was given to the patient under ultrasonography guidance using a transhepatic approach. A loading dose of tissue plasminogen activator (tPA) followed by maintenance doses were injected through the transhepatic tube. Follow-up angiogram study showed re-canalization of the portal vein and improvement in blood flow ( Figure 3) . Thereafter, the patient continued on subcutaneous heparin overlapped by warfarin, and she was discharged from the hospital with good recovery.
Case 3
A 46-year-old male patient presented with fever, diffuse abdominal pain and tenderness, nausea, and vomiting. He was known to have diabetes mellitus, hypertension, dyslipidemia, and obesity (BMI=44 kg/m 2 ). He underwent LSG 2 weeks before the index hospitalization. The CT scan showed extensive PMVT, partial splenic vein thrombosis ( Figure 4A , 4B), and small bowel ischemia. Laparoscopic exploration revealed a gangrenous small bowel loop about 25 cm from the DJ junction. The surgery was converted to open laparotomy and 75 cm of small bowel was resected. The rest of the small bowel was congested. The skin was closed using a surgical skin stapler for reexamination after 48 h, at that time 10 cm of the bowel was resected with end-to-end anastomosis. He was started on heparin infusion overlapped by oral warfarin. A follow-up CT scan showed intact small bowel and patent splenic vein with established venous cavernoma. He underwent successful bowel resection along with thrombolytic therapy and was successfully discharged from the hospital with good recovery.
Briefly, the 3 patients were successfully managed and survived. Two patients were treated conservatively: 1 treated by IV heparin infusion (anticoagulation therapy) and the other patient was treated with tissue plasminogen activator thrombolytic therapy. However, the third patient underwent surgical bowel resection. Unfortunately, detailed information on the prophylactic pharmacologic and mechanical approaches used before, during, and after initial surgery were lacking.
Discussion
Portomesenteric venous thrombosis is an uncommon surgical complication secondary to LBS. In 20% to 35% of cases, LSG remains the primary cause of PMVT [6] . The other possible etiologies of PMVT include hypercoagulable state, intraabdominal Inflammation, portal hypertension, and neoplastic diseases [7] . The clinical diagnosis of PMVT is difficult, and is usually confirmed by contrast CT abdomen, with a sensitivity of 90%. All the 3 cases of our series were diagnosed with the help of abdominal CT scan. Table 1 shows a review of the literature for the possible causative factors, management and outcome of mesenteric venous thrombosis (MVT) patients [4, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . There are many case reports and series have described the clinical presentation and management of MVT after bariatric surgery. However, this is the first case series from Qatar to present PMVT, which is an unusual clinical entity at our center. It is important to report such cases because the clinical signs and symptoms may differ widely, leading to delayed diagnosis. Notably, patients who sustain PMVT usually present with non-specific abdominal pain and, less commonly, with nausea, vomiting, diarrhea, or gastrointestinal tract bleeding [4] . The clinical findings in our cases were consistently difficult to interpret. The delay from the day of LSG to the onset of symptoms ranged from 7 to 14 days in our series.
One of the proposed causative factors for PMVT is the development of splanchnic vessels thrombosis, but its underlying mechanism remains unclear [11, 18] . Kotzampassi et al. [19] suggested that a sustained pressure of 14 mmHg of carbon dioxide could affect the mucosal blood flow in an experimental animal model. An earlier study demonstrated an inverse relationship between intraperitoneal pressure and the portal blood flow because an increase in intra-abdominal pressure beyond 14 mmHg is enough to reduce the portal venous flow by 50% [8] . It is not the direct pressure alone that might predispose to thrombus formation; carbon dioxide causes sympathetic vasoconstriction through the release of vasopressors, which eventually reduces venous blood flow and increases the risk of thrombosis [11, 18] . In addition, the prolonged reverseTrendelenburg position is considered as another possible explanation for the development of portal vein thrombosis [20] . An earlier study of 35 MVT cases from Qatar identified protein C and S deficiency, homocysteinemia, and prior abdominal surgery as the major etiological factors [21] . However, the 3 patients in our series underwent LSG outside the country, so the potential identifiable cause of complications remains A B difficult to establish, but could possibly be attributed to the surgical intervention.
Figure 4. (A) Coronal section for superior mesenteric vein thrombosis (SMV). (Case 3). (B) Coronal section for portal vein thrombosis (Case 3).
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Bariatric surgery patients are particularly susceptible to thrombotic events due to the potential hypercoagulable state. Therefore, the hypercoagulability is attributed to metabolic syndrome, which is associated with increased release of fibrinogen and coagulation factors [22] . Some investigators suggested that the mechanical or thermal effect of laparoscopic surgeries could be associated with PMVT, but this has not been established. Therefore, consistent with recent studies, we believe that the involvement of several predisposing factors is responsible for the development of PMVT in our patients [6, 17] .
PMVT can be managed successfully with a conservative approach if there is no evidence of bowel infarction. Most patients with mild PVT can be successfully treated with low molecular weight heparin alone. It has been recommended that subjects with acute PMVT should be treated with anticoagulation therapy as early as possible, which enhances the recanalization of the portal venous system and reduces the risk of further thrombotic events [23, 24] . One of our patients was treated with anticoagulation therapy with good outcome. However, the optimal duration of treatment with systemic anticoagulation is not well defined. Ghandi et al. [8] recommended 3-6 months of anticoagulation, which can be extended further if the signs and symptoms persist. Another study suggested a longer duration of anticoagulation therapy, ranging from 6 to 12 months [25] . However, patients with a systemic etiology are required to be on lifelong anticoagulation therapy [26] . Supportive measures that could also be used to supplement anticoagulation therapy include bowel rest, fluid resuscitation, and nasogastric suction for conservative management [25] .
To the best of our knowledge, no protocols or guidelines are available that are specific for prevention of PMVT in patients who underwent bariatric surgery, due to the infrequent development [27] or reporting of such complications. Therefore, the general standard prophylactic measures that apply to obese and post-laparoscopic patients in general surgery are currently applied for bariatric patients. As bariatric surgery grows in popularity, patients should receive more attention, screening, and management preoperatively [28] . Early mobility and pneumatic compression are the non-pharmacological measures applied in current practice. Low molecular weight heparin (LMWH) and unfractionated heparin (UFH) are helpful to prevent PMVT, however, no clear guidelines about the optimal dose, duration, and type of heparin are currently available. A recent study demonstrated that protocol-based, opti mized, post-operative care facilitates quick recovery and minimizes the rate of perioperative complications [29] . To decrease the length of hospital stay without increasing the rate of complications after bariatric surgery, the feasibility and effectiveness of a postoperative protocol was studied in a high-volume laparoscopic center [29] . In this regard, the Enhanced Recovery After Surgery (ERAS ® )-inspired protocol for bariatric patients, showed favorable outcomes.
Despite the evolving role of invasive therapies for acute PVT, there is still a lack of consistency regarding the utility of thrombolytics because most of the findings are based on either case reports or case series, which needs solid evidence-based management from prospective studies and clinical trials. The current literature describes the indications, utility, and possible complications associated with thrombolytic therapy. Several investigators supported either percutaneous or transhepatic thrombolytic therapy when anticoagulation is not showing progressive response in severe presentations, or is clinically and/or radiologically compatible with bowel ischemia, or otherwise when a non-operative approach is indicated [4, 14, 30] . In 1 of our PMVT cases, transhepatic thrombolysis was effective in terms of portal vein re-canalization. Therefore, we believe that thrombolysis could be an appropriate treatment option in selected cases with no evidence of bowel ischemia.
The implications of laparoscopic exploration for the diagnosis of PMVT remain controversial. Cho et al. [31] supported diagnostic laparoscopy by all means, irrespective of the clinical conditions or laboratory findings. On the other hand, Kumar et al. [25] opposed laparoscopic exploration for the diagnosis of PMVT because it may compromise the mesenteric bowel flow. However, Swartz et al. [9] suggested that the extent of bowel ischemia could not be accurately determined by CT scan alone. Therefore, to determine the exact magnitude of bowel ischemia, a combination approach should be used, which involves both radiological investigation and laparoscopic exploration. We agree that the decision for diagnostic laparoscopy should be based on the clinical course of the patient and CT findings, as corroborated in an earlier report by Ghandi et al. [8] . However, if CT findings are not conclusive or if the patient shows signs of deterioration, laparoscopic exploration is highly indicated. Our third case showed small bowel ischemia on CT examination and therefore underwent open laparotomy with bowel resection.
Conclusions
In conclusion, portomesenteric vein thrombosis is a rare presentation after LSG. However, it is a serious complication that needs a high index of suspicion. Moreover, familiarity with this entity facilitates early diagnosis and management. Conservative management through anticoagulants and thrombolytics is quite effective, and, if indicated, should always be considered as the primary treatment option. Therefore, we recommend that bariatric surgery patients should be maintained on anticoagulants for at least 2 weeks.
